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Abstract of JP2000211769 

PROBLEM TO BE SOLVED: To detect an 
overlapped feeding of papers without being 
influenced by a thickness of the papers and an 
environment of the surroundings. 
SOLUTION: A supersonic wave transmitted from a 
supersonic transmitter 1 is received by a supersonic 
receiver 2 through papers 4. A receipt signal is 
inputted to an extraction part 19 and is compared 
with a phase of a standard signal which a standard 
signal reproducing part 18 outputs and then is 
converted to a signal of level corresponding to a 
phase difference. The signal of level corresponding 
to the phase difference is compared with a threshold 
value set in a threshold value setting part 20 in a 
comparator 21. When only one sheet of the paper 4 
is fed, the comparator outputs a signal of a high 
level and when the paper 4 is overlapped-fed, the 
comparator outputs a signal of a low level. 




1 \ 



1 




Description of correspondent: US6397671 



BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a sheet detecting device, and more particularly to a sheet dete 
device reliably detecting a feeding state that sheets are doubly fed. 
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[0004] 2. Description of the Background Art 

[0005] A scanner, a printer, a copying machine, a printing machine, an ATM (automated teller mach 
or the like, has a mechanism in which a bundle of sheets, such as papers or bank notes, are separated 
each single sheet, and each separated one is fed sheet by sheet. In such a feeding, though each of the 
sheets should be to be fed sheet by sheet, a doubles feeding occurs in the case where two or more sh< 
are erroneously fed while being partially or entirely superimposed one on another. In the case of the 
doubles feeding, it is necessary to give a user an alarm of the doubles feeding. In view of the doubles 
feeding, a doubles detector for detecting the doubles feeding is provided in each of those machines. 
[0006] From the standpoint of the detection principle, the doubles detectors are categorized into a doubles 
detector of a level type as disclosed in Japanese patent No. 1725105 and a doubles detector of a phase type 
as disclosed in JP-A-52-40379. 

[0007] In the doubles detector of the level type, a transmitter for transmitting an ultrasonic wave and 
receiver for receiving the ultrasonic wave are provided in a feeding path through which the sheets an 
The receiver receives the ultrasonic wave from the transmitter, through a sheet or members being fee 
(more exactly, the ultrasonic wave transmitted through the sheet or members), and the receiver outpi 
signal corresponding to a reception level of the ultrasonic wave. When a level of the signal outputtec 
the receiver in the case of one sheet is compared with a level of the signal in the case of two or more 
number of sheets, the ultrasonic wave in the latter case is more attenuated than that in the former cas 
hence the output level in the latter case is smaller than in the former case. For that reason, it is possit 
judge whether or not the current sheet feeding is the doubles feeding by comparing the level of the o 
signal of the receiver is compared with a predetermined threshold level. 

[0008] In the doubles detector of the phase type, the transmitter transmits a signal of a predeterminec 
phase. The receiver receives a signal which is transmitted through a sheet or members. When a phas< 
the signal in the case of two or more sheet is compared with a phase of the signal in the case of one s 
the phase of the signal varies more greatly in the former case than that in the latter case. For that reas 
doubles feeding may be detected by the utilization of the result of comparing a difference between tt 
phases of the transmitting and receiving signals compared with a predetermined reference phase. 
[0009] In the doubles detector of the level type, when the sheet is thin, its influence on the attenuatio 
the ultrasonic wave is small. Therefore, when the feeding of the one sheet is compared with the dout 
feeding, a level difference between the receiving ultrasonic waves of the above two cases is not large 
Therefore, the doubles detector has a disadvantage that it is very difficult to detect the doubles feedii 
the case where the sheet is thin. 

[0010] The doubles detector of the phase type has such a disadvantage that when the sheet is thick, tl 
doubles detector of the phase type fails to detect the doubles feeding. More precisely, in a case when 
sheet is thick, the attenuation of the ultrasonic wave is large. Therefore, in the case of the doubles fe( 
the ultrasonic wave is greatly attenuated. As a result, a waveform of the ultrasonic wave is greatly 
deformed so as to fail to secure an S/N high enough to detect the periods of the ultrasonic wave, and 
phase comparison becomes impossible. 

[0011] Further, the phase type of the doubles detector has the following disadvantage. When surroun 
temperature and atmospheric pressure vary, a propagation velocity of the ultrasonic wave also varies 
thereby influencing a phase of the receiving signal. Therefore, the doubles detector cannot detect the 
doubles feeding correctly. 
SUMMARY OF THE INVENTION 

[0012] The present invention has been made in view of the above circumstances, and an object of th< 
invention is to reliably detect the doubles feeding irrespective of the thickness of the sheet, and varia 
of surrounding temperature, atmospheric pressure and the like. 

[0013] According to the present invention, there is a sheet detecting device comprising: transmitting 
for transmitting a transmission signal; receiving means for receiving the transmission signal from the 
transmission means, through a feeding path through which a sheet is fed, and outputting a reception : 
generating means for generating a reference signal of a predetermined phase; phase comparing mean 
comparing a phase of the reception signal output from the receiving means with that of the reference 
generated by the generating means, and outputting a signal having a level corresponding to a phase 
difference therebetween; storing means for storing a predetermined reference level; and level compa 
means for comparing an output of the phase comparing means with the reference level stored in the t 
means, and outputting the result of the comparison. 
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[0014] In the thus constructed sheet detecting device, a transmission signal transmitted by the transit 
means is received by the receiving means, through a sheet. A phase of a reception signal output fron 
receiving means is compared with a phase of a reference signal, and a signal having a level correspo: 
to the phase difference is further compared with a predetermined reference level. 
[0015] Before proceeding with the description of the present invention, description will first be givei 
clarifying the relationships of the means used in the description of the claim and the corresponding 
members or portions in the detailed description of the preferred embodiment. To this end, the techni< 
features of the invention will be described in a manner that those means are attached with specific 
examples (one for each means) put in parentheses. 

[0016] According to a first aspect of the present invention, there is provided a sheet detecting device 
comprising: transmitting means (e.g., ultrasonic-wave transmitter 1 in FIG. 1) for transmitting a 
transmission signal; receiving means (e.g., ultrasonic-wave receiver 2 in FIG. 1) for receiving the 
transmission signal from the transmission means, through a feeding path through which a sheet is fe< 
outputting a reception signal; generating means (e.g., arithmetic operation unit 17 in FIG. 1) for gem 
a reference signal of a predetermined phase; phase comparing means (e.g., extracting unit 19 in FIG. 
comparing a phase of the reception signal output from the receiving means with that of the reference 
generated by the generating means, and outputting a signal having a level corresponding to a phase 
difference therebetween; storing means (e.g., threshold-value setter 20 in FIG. 1) for storing a 
predetermined reference level; and level comparing means (e.g., comparator 21 in FIG. 1) for compa 
an output of the phase comparing means with the reference level stored in the storing means, and 
outputting the result of the comparison. 

[0017] According to a second aspect of the present invention, in a sheet detecting device, the general 
means includes a first holding means (e.g., phase holder 14 in FIG. 1) for causing a phase of the rece 
signal that is output from the receiving means when no sheet is present in the feeding path, to reflect 
phase of the reference signal. 

[0018] According to a third aspect of the present invention, in a sheet detecting device, the generatin 
means includes a second holding means (e.g., phase setter 15 in FIG. 1) for causing a phase of the 
reception signal, at a predetermined time, that is output from the receiving means when no sheet is p 
in the feeding path , to reflect on a phase of the reference signal, and a third holding means (e.g., pha 
setter 16 in FIG. 1) for causing a phase of the reception signal, at the predetermined time, that is outj 
from the receiving means when one sheet is present in the feeding path, to reflect on a phase of the 
reference signal, wherein the generating means determines a phase of the reference signal in accorda 
with a difference between the sum of the phase stored in the first holding means and the phase storec 
third holding means, and the phase stored in the second holding means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram showing an arrangement of a sheet detecting device of the present 
invention. 

[0020] FIG. 2 is a block diagram showing an arrangement of an extracting unit 19 in the circuit of Fl 
[0021] FIG. 3 is a flow chart showing a calibration process for a phase holder 14 in the circuit of FIC 
[0022] FIGS. 4A to 4F are waveforms useful in explaining an arithmetic operation by an arithmetic 
operation unit 17 in the circuit of FIG. 1. 

[0023] FIGS. 5 A to 5D are waveform diagrams useful in explaining the principle of a reference-sign 
reproduction unit 18 in the circuit of FIG. 1. 

[0024] FIGS. 6A to 6F are timing charts for explaining an operation of an extracting unit 19 in the ci 
of FIG. 2. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0025] The present invention will be described in detail with reference to the accompanying drawing 
[0026] FIG. 1 is a block diagram showing an arrangement of a sheet detecting device of the present 
invention. An ultrasonic-wave transmitter 1 and an ultrasonic-wave receiver 2 are oppositely dispose 
respect to a hole 3A of a feeding path 3. When a sheet 4 is being transmitted through the feeding pat] 
the ultrasonic-wave receiver 2 receives an ultrasonic wave through the sheet 4 (the ultrasonic wave v 
is transmitted through the sheet) from the ultrasonic- wave transmitter 1. When a sheet 4 is not transn 
through the feeding path 3, the ultrasonic-wave receiver 2 directly receives the ultrasonic-wave recei 
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[0027] A processor unit 5 contains an oscillator 11, an oscillation signal outputted from the oscillato: 
applied to the ultrasonic-wave transmitter 1, and in response to the oscillation signal the ultrasonic-^ 
transmitter 1 operates and generates an ultrasonic wave. A reception signal, which is output from the 
ultrasonic-wave receiver 2, is applied to the processor unit 5, an AC component of the reception sign 
extracted by an AC coupler 12 formed with a capacitor, for example, and then amplified at a 
predetermined amplification degree by an amplifier 13. Thereafter, it is supplied to a phase holder 1* 
phase setters 15 and 16, and an extracting unit 19. 

[0028] The phase holder 14, the phase setter 15 and the phase setter 16 sample and hold a phase of a 
output from the amplifier 13 in accordance with a sampling signal which is generated at predetermin 
timings under control of a control unit 7. 

[0029] A sampling signal to be applied to the phase holder 14 is generated at such a timing that the s 
is not present on the feeding path 3 just before the sheet detecting device is used. Accordingly, a pha 
which is held by the phase holder 14 is based on temperature and atmospheric pressure at the time oi 
the sheet detecting device. 

[0030] Similarly, a sampling signal is applied to the phase setter 15 so that the phase holder 14 holds 
phase AO of a signal, which is output by the amplifier 13 when the sheet 4 is not fed onto the feeding 
3, for example, in factory before the products, or the sheet detecting devices, are delivered. Further, « 
sampling signal is applied to the phase setter 16 so that the phase holder 14 holds a phase B0 of a sig 
which is output by the amplifier 13 when one sheet 4 is present on the feeding path 3 in factory befo: 
products are delivered. 

[0031] An arithmetic operation unit 17 calculates a phase Bl of a reference signal in accordance wit] 
following equation by use of the output signals of the phase holder 14, the phase setter 15 and the ph 
setter 16. 

[0032] B1=B0-A0+A1 

[0033] A reference-signal reproduction unit 18 generates a reference signal in accordance with an ou 
signal, e.g., a signal representative of digital data, for example, 6-bit, of the arithmetic operation unit 
and outputs the reference signal to the extracting unit 19. The extracting unit 19 compares a phase of 
signal received from the amplifier 13 with a phase of the reference signal received from the refereno 
signal reproduction unit 18, generates a signal at a level corresponding to a phase difference resultin; 
the comparison, and applies the signal to a non-inverting input terminal of a comparator 21. A 
predetermined threshold value, which is set in a threshold-value setter 20, has been input to an invert 
input terminal of the comparator 21. The comparator 21 compares a level of the signal received from 
extracting unit 19 with the predetermined threshold value from the threshold- value setter 20. When t 
signal level is larger than the threshold value, the comparator 21 produces a positive signal. When th 
signal level is smaller than the threshold value, the comparator 21 produces a negative signal. 
[0034] The processor unit 5 thus arranged is controlled in its operation by the control unit 7 containii 
e.g., a microcomputer. The control unit 7 controls the processor unit 5 in accordance with input sign; 
derived from an input unit 6 containing various switches, buttons and the like. 

[0035] The extracting unit 19 may be arranged as shown in FIG. 2. A signal output from the amplific 
input to a non-inverting amplifier 31 and an inverting amplifier 32. The non-inverting amplifier 31 
amplifies a signal input thereto at a predetermined amplification degree while not changing the polar 
the input signal, and outputs the amplified signal to an input 1 of a selector 33. The inverting amplifi 
inverts the polarity of a signal input thereto, amplifies the input signal at an amplification degree, wh 
equal to that of the non-inverting amplifier 31, and applies the amplified signal to an input 2 of the s< 
33. When a reference signal received from the reference-signal reproduction unit 18 is positive in po 
the selector 33 selects the signal input to the input 1 thereof and outputs the signal at the output term 
thereof. When the reference signal is negative, the selector 33 selects the signal input to the input 2 t" 
and outputs the signal at the output terminal thereof. A low-pass filter 34 (LPF) 34 smoothes a signa 
received from the selector 33 and outputs the resultant signal to the comparator 21. 
[0036] An operation of the sheet detecting device will be described. When a user operates the input i 
and gives the sheet detecting device an instruction to start the device operation, the control unit 7 car 
out a calibration process shown in a flow chart of FIG. 3. To start with, a step SI is executed. In the : 
the control unit 7 controls the phase holder 14, so that it resets a counter (not shown) contained there 
step S2 is then executed. In the step, the control unit 7 controls the oscillator 11 to cause it to apply a 
oscillation signal to the ultrasonic-wave transmitter 1 and to cause the ultrasonic-wave transmitter 1 
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generate an ultrasonic wave having a phase corresponding to the oscillation signal received from the 
oscillator 11. At this time, a sheet 4 is not yet fed to the feeding path 3. Accordingly, the ultrasonic v 
transmitted from the ultrasonic-wave transmitter 1 is received by the ultrasonic-wave receiver 2 dire* 
(not through the sheet 4). 

[0037] When receiving the ultrasonic wave output from the ultrasonic-wave transmitter 1, the ultrasc 
wave receiver 2 outputs a reception signal corresponding to the ultrasonic wave. A DC component o 
reception signal output is removed from the reception signal by the AC coupler 12, and only an AC 
component of the reception signal is amplified by the amplifier 13, and the resultant signal is applied 
phase holder 14. 

[0038] The phase holder 14 has also received an oscillation signal from the oscillator 11. The phase '. 
14, in a step S3, waits till a zero cross point of the oscillation signal (transmission signal) is detected 
When the zero cross point is detected, the phase holder 14, in a step S4, starts the counter contained 
and causes it to start an operation of counting a clock signal. 

[0039] The phase holder 14, in a step S5, waits till a zero cross point of the reception signal received 
the amplifier 13. When the zero cross point is detected, the phase holder stops the counting operatior 
the counter, which was started in the step S4. The counter of the phase holder 14, in the step S4, star 
operation of counting a predetermined clock signal, and continues the counting operation till the cou 
operation is stopped in a step S6. As a result, a value corresponding to a time taken till the ultrasonic 
transmitted by the ultrasonic-wave transmitter 1 is directly received by the ultrasonic-wave receiver : 
held in the counter of the phase holder 14. This time corresponds to a phase difference Al between t 
ultrasonic wave (transmission signal) that the ultrasonic-wave transmitter 1 transmitted and the recej 
signal received by the ultrasonic- wave receiver 1. 

[0040] Through the calibration process mentioned above, a phase difference in ambient conditions, s 
temperature and atmospheric pressure, when the sheet detecting device is used, is held in the phase h 
14. 

[0041] A process similar to the above-mentioned calibration process is carried out in factory before 1 
products are delivered (this calibration process will be referred to as a "factory calibration"). At this 
phase difference AO. created till an ultrasonic wave transmitted from the ultrasonic-wave transmitter 
received by the ultrasonic-wave receiver 2 is stored in advance in the phase setter 15. Further, in the 
factory calibration, a process similar to the above-mentioned calibration process is carried out in a st 
that a standard sheet is put on the feeding path 3, and a phase difference B0 obtained through the pro 
held in the phase setter 16. 

[0042] In this embodiment, the values of phase difference between the ultrasonic wave transmitted b 
ultrasonic-wave transmitter 1 and that received by the ultrasonic-wave receiver 2 are held and set in 
phase setters 15 and 16. In an alternative, the phase setters 15 and 16 may be formed with ROMs (re. 
only memories). In this case, values empirically obtained by use of a standard sheet detecting device 
stored into the memories. 

[0043] The arithmetic operation unit 17 adds a value B0 retained in the phase setter 16 and a value A 
retained in the phase setterl5, and subtracts a value AO retained in the phase setter 15 from the resull 
addition, thereby computing a phase Bl of the reference signal. That is, the following equation is 
calculated 

[0044] B1=B0-A0+A1 

[0045] Those values B0, AO, and Al are expressed in terms of digital data of 6 bits, and the arithmet 
operation unit 17 digitally computes those data pieces. 

[0046] The reference-signal reproduction unit 18 generates an analog reference signal corresponding 
reference phase expressed in terms of 6-bit digital data, and outputs it to the extracting unit 19. 
[0047] The reference signal generated by the reference-signal reproduction unit 18 will be further 
described with reference to FIGS. 4 A to 4F. Assuming that an oscillation signal that the oscillator 11 
supplies to the ultrasonic-wave transmitter 1 is an oscillation signal shown in FIG. 4A, the phase sett 
has retained a value AO corresponding to a phase delay of a reception signal at such a timing that the 
4 is not present on the feeding path 3 in factory before the products delivery. Similarly, the phase set 
has retained a value B0 corresponding to a phase delay of a reception signal at such a timing that one 
4 is present on the feeding path 3 in factory before products delivery. 

[0048] Further, the phase holder 14 has retained a value Al corresponding to a phase delay of a rece 
signal of the ultrasonic-wave receiver 2 at such a timing that the sheet is not present when this devia 



file://C:¥My%20Documents¥EPOV3¥JP200021 1 769.html 



03/12/05 



JP2000211769 



6/7 ^— V 



used (at the time of calibration (referred to as a "user calibration"). There is a case where the value v, 
in the factory calibration and it is Al in the user calibration. In this case, it may be considered that a 
difference (A1-A0) between those values is due to the fact that ambient conditions (temperature, 
atmospheric pressure and the like) in the factory calibration changed and are different from those in i 
user calibration. Therefore, since a delay value of the reception signal is BO when one sheet is preser 
factory before the products delivery, a phase delay of the reception signal when one sheet is present : 
use of the device (in the user calibration) is estimated as B1(=B0+A1-A0) FIG. 4E is a graphical 
representation of a waveform of the estimated reception signal. The reference-signal reproduction ur 
generates a reference signal of a rectangular waveform, which is delayed in phase behind the oscillat 
signal by the value B1(=B0+A1-A0) as shown in FIG. 4F. This reference signal of the rectangular 
waveform corresponds to a reception signal having the phase delay Bl which will appear in the case 
one sheet is present on the feeding path 3 at the time of calibration. 

[0049] The reference -signal reproduction unit 18 generates a rectangular wave signal of a predeterm 
phase, for example, as shown in FIGS. 5 A to 5D. It is assumed that a time distance of 2pi is divided 
64 segments, and 64 number of phase codes OOh to 3FH are assigned to those segments as shown in 
5A. A rectangular wave at the segment the phase code OOh is as shown in FIG. 5B. A sinusoidal wav 
at the segment of the phase code 04h, for example, is as shown in FIG. 5C, and a rectangular wave a 
same phase code 04h is as shown in FIG. 5D. The reference-signal reproduction unit 18 converts a p 
indicated by a counter value of 6 bits, which is supplied from the arithmetic operation unit 17, into a 
corresponding phase code, and generates a rectangular wave signal specified by the converted phase 
[0050] After the calibration is thus performed, the control unit 7 controls a separation/feeding mecha 
(not shown), so that the sheet 4 is separated and fed. At a time that the sheet 4 passes the hole 3A of 
feeding path 3, the control unit 7 controls the oscillator 11, so that the ultrasonic-wave transmitter 1 
generates an ultrasonic wave and the ultrasonic-wave receiver 2 receives the ultrasonic wave througl 
sheet 4. In turn, the ultrasonic-wave receiver 2 oautputs a reception signal corresponding to the recei 
ultrasonic wave. The reception signal is input through the AC coupler 12 to the amplifier 13. And it : 
amplified by the amplifier 13 and then is input to the extracting unit 19. The reception signal passes 
through the non-inverting amplifier 31 and is input, as intact, to the input 1 of the selector 33. While 
same time it is input to the inverting amplifier 32 where it is inverted, and then is input to the input 2 
selector. 

[0051] FIGS. 6A to 6F are timing charts for explaining an operation of an extracting unit 19 in the ci 
of FIG. 2. 

[0052] It is assumed now that a signal A of FIG. 6A (corresponding to the signal of FIG. 4A) is an 
oscillation signal, and a signal E of FIG. 6B (corresponding to the signal of FIG. 4E) is a reception s: 
which will appear in the case where one sheet is present. On this assumption, a reference signal outp 
from the reference-signal reproduction unit 18 is a signal F in FIG. 6B (corresponding to the receptic 
signal of FIG. 4F). In FIGS. 6C to 6D, the following cases are illustrated: a case where the reception 
is in phase with the reference signal (case 1, in FIG. 6C), another case where those signals are phase- 
shifted 30 deg. (case 2, in FIG. 6D), still another case where those signals are phase-shifted 90 deg. ( 
3, in FIG. 6E), and yet another case where those signals are phase-shifted 180 deg. (case 4, in FIG. 6 
[0053] When the reference signal is logically high, the input 1 is selected by the selector 33, and wh< 
logically low, the input 2 is selected. Therefore, in the case where the reception signal is in phase wii 
reference signal (case 1), the selector 33 produces a signal Gl as formed by rectifying positive and 
negative half waves of a reception signal Rl, as shown in FIG. 6C. Since the low-pass filter 34 smoc 
the signal Gl as full wave rectified, it produces a signal HI of a large level. 

[0054] In the case where those signals are phase-shifted 30 deg. (case 2), the selector 33 produces a ; 
G2 of a waveform containing not only positive portions of a reception signal R2 but also negative pc 
as shown in FIG. 6D. As a result, a smoothing signal H2 of the low-pass filter 34 is positive in polar 
its level is lower than of the signal HI in the case 1. 

[0055] In the case where those signals are phase-shifted 90 deg. (case 3), as shown in FIG. 6E, the sc 
33 produces a signal G3 in which a ratio of the positive components of a reception signal R3 is equal 
that of the negative components of the same. Therefore, a signal H3 output from the low-pass filter 2 
in level. 

[0056] In the case where those signals are phase-shifted 180 deg. (case 4), the selector 33 produces a 
G4 having a waveform formed as by full-wave rectifying a reception signal R4 in the negative direct 
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shown in FIG. 6F. Therefore, a signal H3 output from the low-pass filter 34 is negative in polarity. 
[0057] As seen from the above description, a signal H output from the low-pass filter 34 of the extra 
unit 19 becomes small with increase of a phase difference of the reception signal R from the referenc 
signal R. Accordingly, when the signal H output from the low-pass filter 34 is compared in level wit 
predetermined threshold value set in the threshold-value setter 20 by the comparator 21, the compari 
results are as follows: When the number of sheets 4 is 1, a phase delay of the reference signal is sma 
Accordingly, the output signal H of the low-pass filter 34 is higher in level than the predetermined 
threshold value. As a result, the comparator 21 produces a signal H of high level. When the sheets 4 
doubly fed, a phase delay of the reception signal is great. The output signal H of the low-pass filter 3 
lower in level than the predetermined threshold value set in the threshold-value setter 20. As a result 
comparator 21 produces a signal of low level. 

[0058] The phase of the reception signal inevitably varies also in a case where the sheet 4 is thin. Th 
embodiment converts the phase variations into levels, and compares the levels with the predetermine 
threshold value. Therefore, even if the sheet 4 is thin, the embodiment can detect the doubles feeding 
certainty. 

[0059] In a case where the sheet 4 is thick, the reception signal is reduced in level. Therefore, it is 
relatively difficult to detect the phase of the reception signal exactly. To cope with this, in the emboc 
the reception signals opposite in polarity are produced by use of the non-inverting amplifier 31 and t 
inverting amplifier 32. Both the signals are added together on the basis of the phase of the reference 
and the resultant is converted into a level of a given analog signal by use of the low-pass filter 34. Tl 
equivalent to the fact that the sheet is detected by the level type detection method. Therefore, the 
embodiment is able to detect the doubles feeding exactly. 

[0060] A phase variation, which results from variations of ambient temperature and atmospheric pre! 
is neutralized through the arithmetic operation by the arithmetic operation unit 17. In this respect, th< 
detecting device of the embodiment is capable of stably detecting the doubles feeding irrespective of 
ambient conditions in which the device is used. 

[0061] As seen from the foregoing description, a sheet detecting device constructed according to the 
present invention compares the phases of a reception signal and reference signal, and compares a sig 
having a level corresponding to the phase difference with a reference level. Therefore, the sheet dete 
device is capable of exactly detecting the doubles feeding irrespective of the thickness of the sheet aj 
ambient conditions in which the device is used. 

Claims of correspondent: US6397671 
What is claimed is: 

[0062] 1. A sheet detecting device comprising:transmitting means for transmitting a transmission sig 
receiving means for receiving the transmission signal from the transmission means, through a feedin 
in which a sheet is fed, and the receiving means for outputting a reception signal; phase comparing n 
for comparing a phase of the reception signal outputted from the receiving means with a predetermir 
reference phase, and the phase comparing means for outputting a signal having a level corresponding 
phase difference therebetween; memory means for storing a predetermined reference level; and level 
comparing means for comparing the signal outputted from the phase comparing means with the refei 
level stored in the memory means, and the level comparing means for outputting a result of the com{ 
therebetween; first storing means for storing a phase of the reception signal outputted from the recer 
means when no sheet is present in the feeding path; second storing means for storing at a predetermi 
time a phase of the reception signal outputted from the receiving means when no sheet is present in t 
feeding path; and third storing means for storing a phase of the reception signal outputted from the 
receiving means when one sheet is present in the feeding path, wherein the predetermined reference 
is determined in accordance with a difference between a sum of the phase stored in the first storing d 
and the phase stored in the third storing means, and the phase stored in the second storing means. 
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